Abstract-In this paper, we propose an improved discrete Fourier transform (DFT)-based channel estimation scheme for Orthogonal Frequency Division Multiplexing (OFDM) systems. The proposed algorithm uses Hannan-Quinn (HQ) information criterion to estimate the number of most significant paths and the multipath time delays. With these channel parameters, Our scheme can reduce the noise impact and improve the performance of traditional DFT channel estimation scheme. Compared with other information criterion, such as the minimum description length (MDL) and the generalized Akaike information criterion (GAIC) criterion, the proposed scheme is found to have better performance.
INTRODUCTION
OFDM has the most promise as a future high data rate wireless communication system due to its high bit-rate transmissions over frequency selective fading channels. However, the high-rate and spectrum efficient OFDM systems generally require estimation and tracking of the fading channel parameters to perform coherent demodulation. Channel estimat ion is important in OFDM systems.
Channel estimation methods mainly include blind channel estimation and pilot-based channel estimation. The blind channel estimation needs a large amount of data and the convergence rate is very slow. We usually use the pilot-based channel estimation methods because it has better performance. In this paper, only the pilot-based channel estimation methods are investigated.
Depending on the processing domain, pilot-based channel estimation of OFDM systems can be classified into two types: Frequency domain methods and Time domain methods. The least square (LS) estimat ion is the simplest frequency domain channel estimation method that does not use any information about the channel. Its performance may badly damaged by the noise. The minimu m mean square error (MMSE) estimation can achieve better performance by using channel statistics information such as channel autocorrelation matrix and noise variance. Moreover, MMSE methods requires very large amount of computation, such as matrix inversion. In order to reduce the complexity of the MMSE, singular value decomposition has been used in [1] [2] . However, these methods still need exact channel autocorrelation matrix which is hard to require in practice.
The time domain channel estimation method focuses on the time do main by using the discrete Fourier transform (DFT) processing. We can modify the LS and the MMSE using the fact that channel impulse response (CIR) is not longer than the guard interval in OFDM systems. However, the DFT estimation cannot eliminate the noise inside the guard interval.
[3] [4] proposed threshold-based DFT channel estimation methods. But the performance is bad in low SNR. Since the channel energy is usually concentrated in limited significant paths , some people tried to estimate the significant paths and path delays. In [5] , Yang proposed a channel estimation method using minimu m description length (MDL) .Yang's method needs eigenvalue decomposition and the computational complexity is high. After Yang, Raghavendra proposed a parametric channel estimation scheme using the generalized Akaike informat ion criterion (GAIC) [6] . This method uses LS scheme and GAIC to estimate the channel length and tap positions and can effectively reduces the signal space of LS estimator, and hence improves the performance effectively.
In this paper, we propose a DFT-HQ channel estimation scheme using the Hannan-Quinn(HQ) criterion. This scheme not only has a better performance.
In this paper, 
where L denotes the number of significant channel paths, 
C. Traditional DFT channel estimation
DFT-based channel estimat ion is a good scheme fo r OFDM system with the tradeoff between co mp lexity and performance. In DFT scheme, we first use LS estimator in frequency domain and then transform the results to time domain. Since the channel energy is usually concentrated in limited significant paths and others are noise, so only the limited paths are reserved and the rest is set to zero. We can know this point from Fig.1 , the channel has 6 significant paths. In our paper, we use the comb pilots. In each OFDM symbol, / P N D  pilots are transmitted, where D is the frequency interval between t wo adjacent pilots. Considering the pilot design criterion, P should be larger than 1 L   . The traditional DFT channel estimat ion algorith m has 4 steps shown as below.
Step1: After the OFDM demodulation, we first use the LS estimation to obtain channel estimation on pilot subcarriers.
(
Where k PS  , PS is the set of pilot subcarrier.
Step2: Use the IDFT to transform the frequency response to time domain ) 
Step4: Transform the time do main response back to frequency domain to obtain the frequency response on all subcarrier. (
Where 1, 2,..., kN  . In fact, the number of significant channel paths L is smaller than cp L .Fro m the figure 1, we can see that knowledge of the nu mber of significant channel paths and the mult ipath time delays will help in improving the performance of the DFT estimator. In this paper, we use the HQ criterion to estimate these channel parameters. This will be discussed in the next section.
III. PROPOSED DFT-HQ CHANNEL ESTIMATION
A channel is said to be sparse if most of its power concentrated on several paths. We need estimate the significant channel paths and mu ltipath time delays. In fact, a similar problem has already been widely investigated in detection of the nu mber o f the signal sources. Now we use the HQ criterion to detect the number of channel paths.
Due to the sparsity of the multipath channel, We can construct a 1 P  vector 
We can see that the number of channel paths is the number of non-zero diagonal elements of ψ  .Actually, ψ  is hard to be accurately obtained. We can estimate the R .The diagonal elements of R can also reflect the number of channel paths. For an OFDM frame co mposed of M OFDM symbols, R can only be appro ximately obtained by   th diagonal elements of R are generally larger than the other diagonal elements especially when the SNR is high. So the diagonal elements of R can still be utilized to estimate the channel parameters.
Our algorith m can be described as belo w. First, we use the HQ criterion to estimate the number of significant paths and time delays. Second, we use these channel parameters to imp rove the DFT channel estimat ion.
1. Calculate R and extract its diagonal elements, and denote them as
Sort the
3. By HQ criterion, the nu mber of channel paths can be estimated as
4. After L is estimated, find the indices of the L largest values of R .The estimated time delays are the index values.
With these estimated channel parameters, the channel estimation are obtained as
Transform the time do main response back to frequency domain to obtain the frequency response on all subcarrier. We compare the proposed algorithm and other algorith ms using two metrics, the correct estimat ion of all channel parameters probability (CECP) and MSE.
CECP=Pr {Correct estimat ion of channel parameters} However, it is not easy to get a closed-form expression for the CECP, and its value can only be obtained through simu lation.
CECP= (Nu mber o f simulat ion runs where all channel parameters are correctly estimated)/(total number of simulation runs)
In the figures below, the performance of M DL and GA IC criterion is given to evaluate the proposed scheme.
A. Performance vs. Frame Lengths
Fro m the equation (12), we can see the frame length K affect the accuracy of the matrix R. In this subsection, we set SNR=30dB, we show the performance variation for varying frame length K. Fig.2 , we can see that DFT and GA IC estimation schemes don't change versus the frame length K because they needn't compute the correlation mat rix. The GAIC performs better than the DFT. The proposed HQ estimat ion scheme performs better than the MDL when the number of K is small. After K beco mes lager than 6, these two methods almost have the same performance.
B. Performance vs.SNR
In this subsection, we give the performance of the proposed scheme and the others versus the SNR when the frame length K is 200. Figure 3 show that all parametric channel estimation schemes can correctly the channel parameters when the SNR is high. However, the channel parameters cannot be correctly estimated in the low SNR area because channel path power is overwhelmed by the noise. Our proposed scheme performs better than these two parameter estimation scheme. For the MSE, in figure 4 , we can observe that our scheme is best among these methods in low SNR area. In high SNR area, we can see that our scheme and GAIC perform almost the same and better than others. The performance of DFT scheme can be raised substantially after we use the HQ criterion.
V. CONCLUSIONS
In this paper, we have presented a new channel estimation scheme for sparse mu ltipath channels. This scheme uses the HQ criterion to estimate the number of significant mult ipath and time delays, and then uses these parameters to improve the performance of channel estimation. Fro m the simu lation results, we can see our scheme performs better than the other traditional channel estimation schemes.
